Stochastic wind sea is an intermediate small-scale physical process responsible for the state of the atmospheric boundary layer and the water upper layer, having dynamics of all scales. To describe behavior of this system, one could use the mathematical formalization based on a spectral evolution model for wind-waves. To this end, it needs a well-designed numerical model derived from the principal physical equations. On this way certain theoretical problems take place. At present some of these problems are solved, that gives possibility to construct a lot of numerical wind-wave models, the latest version of which was proposed in Polnikov (2005). With the aim of assessing real merits of the new source function proposed in the mentioned paper, the latter was tested and validated by means of modification of the well known model WAVEWATCH-III. Assessment was done on the basis of comparing the wave simulation results obtained by both models for a given wind field against the buoy data gotten in the three oceanic regions.
INTRODUCTION
Let us consider a typical scheme of the air-sea interface. In simplified approach it consists of three items ( Fig. 1 ):
• Turbulent air boundary layer with the shear mean wind flow having a velocity value W 10 (x) at the fixed horizon z = 10 m; • Wavy water surface; • Thing water upper layer where the turbulent motions and mean shear currents are present.
The main source of all mechanical motions of different space-time scales at the air-sea interface is a mean wind flow above the surface, which has variability scales of the order of thousand meters and thousand seconds. The turbulent part of a near-water layer (boundary layer) has scales smaller than a meter and a second. Variability of the wavy surface has scales of tens meters and ten seconds, whilst the upper water motions have a wide range of scales covering all mentioned values. Thus, the wind impacts on the water upper layer indirectly via the middle scale motions of wind-waves, and this impact is spread through a wide range of scales.
Besides of the said importance of wind-waves, this phenomenon has its own scientific and practical interest. The former is provided by a physical complexity of the system, whilst the latter is due to dangerous feature of the phenomenon. All the said justify the long period interest to the problem of wind-wave modeling, staring from the well know paper by Stokes (1847) .
From scientific point of view it is important to describe in a clear mathematical form a whole system of mechanical interactions between items mentioned above, responsible for the exchange processes at the air-sea interface. This is the main aim of the interface hydrodynamics. From practical point of view a mathematical description of these processes permits to solve a lot of certain problems. As an example of such problems one may point out an improvement of wave and wind forecasting, calculation of heat and gas exchange between atmosphere and ocean, surface pollution mixing and diffusion, and so on.
Direct mathematical description of mechanical exchange processes in the system considered is very complicated due to multi-scale and stochastic nature of them (for example, see Kitaigorodskii & Lamly, 1983) . It can not be done in an exact form. Nevertheless, real advantage in this point can be reached by consideration of the problem in a spectral representation. Up to the date a principal physical understanding exchange processes at the air-sea interface was achieved to some extent (Proceedings of the symposium on the wind driven air-sea interface, 1994; 1999) , and mathematical tool for their description in spectral representation was constructed (for example, see Phillips, 1977) . Thus, one may try to make description of main processes from the united point of view, as far as the spectral wind-wave model is constructed.
SPECIFICATION OF THE PROBLEM
All modern numerical models for wind-waves are based on the solution of evolution equation for a twodimensional wave energy spectrum, , (or wave action one, ) given in the space of wave frequency, σ, and wave propagation angles, θ, which is spread through the geographic coordinates, x, and time, t. In general, this equation has the kind (1) Here, the left hand side is the full derivative of the spectrum with time, and the right hand side is the so called source function, F, depending on both the wave spectrum, S, and the external wave-making factors: local wind, W(x,t), and local current, U(x,t).
The source function is the "heart" of the model. It describes certain physical processes included in the model representation, which determine mechanisms responsible for the wave spectrum evolution (Efimov&Polnikov, 1991; Komen et al, 1994) . It is commonly used to distinguish three terms in function F: the atmosphere-wave energy exchange mechanism, In; the energy conservative mechanism of nonlinear wave-wave interactions, Nl; and the wave energy loss mechanism, Dis, related mainly to wave breaking and interaction of waves with turbulence of the water upper layer and the bottom. Differences in representation of the source function terms mentioned above determine general differences between wave models. In particular, the models are classified with the category of generations, by means of ranging the parameterization for Nl-term (The SWAMP group, . This classification could be extended, taking into account all source function terms (for example, see Polnikov, 2005; Polnikov, Tkalich, 2006) .
Differences in representation of the left hand side of evolution equation (1) and in realization of its numerical solution are mainly related to the mathematics of the wave model. Such a kind representation determines specificity of the model as well. But it is mainly related to the category of variation the applicability range of the models (i.e. accounting for a sphericity of the Earth, wave refraction on the bottom or current inhomogeneity, and so on). We will not dwell on this issue.
It is easy to understand that the posed problem is quite complicated. Nevertheless, it can be solved under some approximations, if one takes into account each evolution mechanism separately. The history of such investigations is described in quite numerous papers, the main results of which are accumulated in numerous books (Komen et al, 1994; Young, 1999 ; and others).
Task of wave models comparison
Three models of the third generation, WAM (The WAMDI group, 1988) , WAVEWATCH (Tolman and Chalikov, 1996), and SWAN (Boij et al, 1999) , are the most widely spread in the world at present. The first two are mainly used to solve global tasks of the wave forecast in deep water. The third one represents by itself an elaboration of the first model for the case of finite depth water. Mainly, it is used to solve regional tasks.
The models mentioned are rather well fitted against observations and give satisfactory results. But, they have been constructed on the physical grounds which are more than 10 years old. Therefore, despite of permanent updating, they are obsolete at some extent, both in the aspect of substantiation the source function terms, and in the aspect of technical realization mathematics of the models. All these circumstances restrict potential possibilities of the models. Herewith, a regular appearing new theoretical results and permanent extension domain of the models application dictates necessity of construction a new, more modern model. First of all, it is related to modification of the source function, F. One of such a kind modification was proposed in the recent paper (Polnikov, 2005) , where it was called as "the optimized source function" (for explications, see original paper). Our attempt to incorporate this, new source function into the model WAM gave very encouraging results . We have found that the errors of numerical simulations were decreased in 1.5-2 times, whilst the speed of calculation was enhanced on 25%.
In present paper, we pose the task to estimate real merits of the new source function by means of incorporating it into the mathematical codes of the model WAVEWATCH-III (version 2.22) (hereafter is referred as WW), as the most advanced one at present . This estimation will be done on the basis of comparison the numerical simulations against the buoy measurements of windwaves, gotten in two parts of the World Ocean: Eastern and Western parts of the North Atlantic 1 .
Hereafter, the numerical model WW, modified with replacement of the original source function by the new one, is referred as the model NEW.
RESULTS OF COMPARATIVE VALIDATION OF THE MODELS WW AND NEW 3.1 One-month simulation in the North Atlantic
After several runs of the model NEW, intended to a sophisticated choice of the fitting coefficients, C in , C dis , and C nl , we have found that the best results are gained for the following values: C nl = 9.10 7 , C in = 0.4; C dis = 70, and C σ = 0.7 with the default values of the other fitting parameters.
A typical time history of significant wave height, H s (t), obtained in these simulations is shown in Fig. 2 , for buoy 41001 chosen as an example. From this figure, in particular, one can see that the model NEW does better follow the extreme values of real waves than it is done by the model WW. Visual
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Volume 1 · Number 3 & 4 · 2010 1 Due to technical reasons, below we'll present a short version of the testing results, the full text of which is given in detail in the paper (Polnikov & Innocentini, 2008) analysis of all proper curves has showed that this feature of the model NEW is typical for the major part of buoys taken into consideration. More detailed and quantitative analysis needs using the statistical procedures based on the error measures described above. At this stage of validation, the properly estimated errors have been found for a significant wave height, H s , only. They are presented in Tabs 1, 2, separately for two parts of NA. For quickness of general (visual) evaluating the results, we have shaded sells corresponding to the cases when the model NEW has a loss of accuracy.
First, the accuracy of the model NEW is regularly better with respect to one of the original WW. This result is revealed for more than 70% of buoys considered.
Second, discrepancy of the r.m.s. errors for the both models is remarkable. Typical winning of accuracy for the model NEW is of the order of 15-20%, but sometime it can reach 70% (buoy 44142).
Third, the relative error, ρH s , calculated by taking into account each point of observations, is not so small (15-27%). It has a tendency of reducing for the model NEW, but it is not so well expressed.
Basing on the said above, we should note that in the present statistical consideration, the relative error ρH s is not so sensitive to the specificity of the model, as it could be expected. It seems that the effect of increased sensitivity of ρH s could arises, if we introduce the lower limit of wave heights, taken into the procedure of error estimation. For example, the proper error estimations could be done, restricting the time-series points H s (t) with the wave heights greater than 2 m, only. But, an introduction of limiting values for H s (or for T p ) is not so evident, therefore this point should be especially studied later. Numerical Modelling of Wind-Waves -Problems and Results In this connection, it is worth while to mention the accuracy of the input wind. The proper time history for W 10 (t) is shown in Fig. 3 .
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From the first sight, the correspondence between the simulation wind and the observed wind seems to be rather well. But direct calculations of the errors δW 10 and ρW 10 , made, for example, for buoy 41001, give the values δW 10 = 1.56 m/s and ρW 10 = 32% .
The first value is more or less reasonable, taking into account that the wind is calculated by reanalysis for the very large domain covering the whole Earth. But the last value, ρW 10 in (24), seems to be fairly great with respect to the corresponding relative error ρH s (Tab. 1). Due to an arbitrary choice of the buoy considered, one can expect that such a kind mismatch between values of ρH s and ρW 10 is typical for the present consideration, what, in turn, needs its understanding and explanation.
This mismatch of values for ρW 10 and ρH s leads to a pose of the following new task: how to treat the present correspondence between these errors. To solve this task, first of all, it needs to have a large statistics of the errors. A part of such a kind statistics will be presented below in Tab. 3. Besides, physically it is reasonable to introduce the lower limiting values for wind, W 10 , and wave heights, H s , which restrict the proper time-series points involved into the procedure of error estimation. In such a way, one could find a physically expected, unequivocal inter-relation between errors ρW 10 and ρH s . If is found, this relation permits to make a proper physical treatment of the errors and to clarify prospective for numerical modeling improvements. Such a kind work is postponed for a future investigation. 
POINT OF THE SPEED OF CALCULATION
By using the numerical procedure PROFILE, we have checked the speed of calculation, realized while execution of all main numerical subroutines used in the models. In terms of consuming-time, the proper time distributions among the main subroutines are shown for the two models in Table 3 . These distributions are corresponding to the case of execution a task of 24-hours simulation of the wave evolution in the whole Atlantic. From this table one can see that in the model NEW, the nonlinear term is calculated in 1.73 times faster than in the original WW. It leads to the consuming-time winning of the order of 60 seconds, which result in 15%-winning of the total consuming time. The acceleration effect is provided by using the fast DIA approximation, mentioned above. Additional small 3%-winning of time is gained due to new parameterization of the input term. But, in turn, the new approximation of Dis-term results in a lost of calculation speed in 2%. Nevertheless, as we said above, that just this parameterization provides, in main, the better accuracy of the model NEW, because the physics of NL-term and In-term in both models is very similar. 
CONCLUSIONS
The new source function was tested and validated by means of incorporating the former into the mathematical shell of the reference model WW. The real performance of new model was checked during the comparative validation process, which was executed in three steps differing both by duration of simulations and by regions of the World Ocean.
In general, we may state that the both models have rather high performance, which are apparently the best among present models, taking into account the results of WW's validation, presented in Tolman et al. (2002) . Herewith, the comparative validation has shown a real advantage of the model NEW with respect to the original WW, especially in the accuracy of wave heights calculation. The advantage consists in reduction of the simulation errors for significant wave height, H s , in 1.1-1.5 times and increasing the speed of calculation in 15%.
In our study, the relative r.m.s. error, ρH s , is introduced, as one of the most instructive measure for estimation an accuracy of the wave heights simulations. In our calculations, this parameter has mean values of the order of 12-35% for both models. It is naturally to suppose that magnitudes of ρH s should related to the value of inaccuracy of the wind field used. Regarding to this, the new task is posed, consisting in a search for a quantitative relation between errors for waves , ρH s , and the errors of input wind ρW 10 .
At present it seems that the main requirement, which define the limits of the further elaboration of numerical wind-wave models, consists in using the wind field having inaccuracy below the limits mentioned.
